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PREFACE

This report is an attempt to relate the effects of channel modifications
to the resulting instabilities in the ftluvial system. The primary objective
is to provide the Tennessee Department of Transportation with infommation
concerning channel stability in relation to river crossing structures. Several
new analytical techniques are presented that can aid in the understanding of
channel adjustment to natural ana man-induced stress. The methods of analyses
presented herein should be applicable to other areas with alluvial, sand-bed
channels, especially in the Gulf Coastal Plain States.

Clarence H. Robbins
Andrew Simon
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CONVERSION FACTORS

For readers who may prefer to use the International System of Units
(SI,) rather than the inch-pound units used herein, the conversion factors
are listed below:

Inch-pound Multiply by To obtain
foot per second (ft/s) 3.048x10°1 meter per second (m/s)

cubic foot per second (ft3/s) 2.832x10"2 cubic meter per second (m3/s)

foot (ft) 3.048x10°1 meter (m)

square foot (ft2) 9.29%10"2 square meter (m2)
mile (mi) 1.609 kilometer (km)

square mile (mi2) 2.590 square kilometer (km?)

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic datum
derived from a general adjustment of the first-order level nets of both the
United States and (Canada, formerly called 'mean sea level'.
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Man-Induced Channel Adjustment
in Tennessee Streams

Clarence H. Robbins and Andrew Simon

ABSTRACT

Channel modifications in Tennessee, particularly in the western part,
have led to large-scale instabilities in the channelized rivers and may have
contributed to several bridge failures. These modifications, together with
land-use practices, led to downcutting, headward erosion, downstream aggra-
dation, accelerated scour, and bank instabilities. Changes in graaient by
channel straightening caused more severe channel response than did dredging or
clearing.

Large-scale changes continue to occur in all the channelized rivers: the
Obion River, its forks, and the South Fork Forked Deer River. Iowever, the
non-channelized Hatchie River in west Tennessee not only withstood the natural
stresses imposed by the wet years of 1973 to 1975 but continues to exhibit
characteristics of stability.

Water-surface slope, the primary dependent variable, proved to be a
sensitive and descriptive parameter useful in detemining channel adjustment.
Ad justments to man-induced increases in channel-slqpe are described by inverse
exponential functions of the basic fomm S=ae-b(t); where "S" is some func-
tion describing channel-slope, '"t'" is the number of years since completion of
channel work, and "a'" and '"b'" are coefficients.

Response times for the attaimment of 'equilibrium' channel slopes are a
function of the magnitude and extent of the imposed modification. The ad-
justed profile gradients attained by the streams following channelization are
similar to the predisturbed profile gradients, where no alteration to channel
length was made. Where the channels were straightened by constructing cut-
offs, slope adjustments (reduction) proceeded downstream and upstream imposing
new profiles with lower gradients.



INTRODUCTION

Man-induced hydraulic and morphologic changes to stream channels in
Tennessee may have contributed to four bridge failures between June 1, 1973,
and May 31, 1974. As a result of the bridge failures, an investigation of
stream channels at bridge crossings was initiated on July 1, 1974, by the U.S.
Geological Survey in cooperation with the Tennessee Department of Transpor-
tation, Bureau of Planning and Development, Division of Structures.

The purposes of the investigation, as originally proposed, were to
(1) evaluate problems of local scour at bridges as well as general scour in
the vicinity of bridge crossings, (2) improve estimations of potential scour,
and (3) develop a system of site inspection to help forewarn of possible
bridge failures due to scour. Initially, local scour was thought to be the
major cause of bridge failures. However, as site specific data were gathered,
it was obvious that these data were inadequate to detemmine the causes of
bridge failures. The investigation was therefore shifted to include the
hydrology and morphology of entire stream systems.

This report focuses on the effects of man-made channel modifications to
the river mechanics, fluvial processes, and morphology of streams in western
Tennessee. These effects are described for several stream reaches where
bridge failures have occurred or where structural problems may occur. In
addition, this report provides examples which demonstrate the application of
existing streamflow records to the analysis of stream-channel changes with
time.

The project area is statewide (plate 1). However, the majority of stream
channel problems exist in the western one-third of the State which is charac-
terized by erodible, unconsolidated, alluvial channel material. The most
extensive data are available for the Forked Deer and Obion River basins in
western Tennessee where two of the bridge failures have occurred.

Five rivers (three river basins) in west Tennessee with varying amounts
and types of channel work were included in a study of channel adjustment to
channel modification. Table 1 lists these rivers by reach and the types and
dates of channel modification. Stage trends at selected sites were used to
identify channel aggradation and degradation, and stream channel cross
sections were used to identify change in cross section geometry.
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Table 1.--Channel modification in west Tennessee studied in this report

Limits of
channel modification Type of Date
River Mile to mile modification Begin End
Obion River basin
Main Stem 7.7 - 11.8% Channel enlargement** 12-28-74 2- 1-77
Do..... 11.8 - 27.1* ..., do..ovent. 7-12-77 11- 3-79
Do..... 27.1 - 35.3* ..., do.eeiavnn, 1959 1960
Do..... 35.3 - 41.6% ..., do.eeeenn.. 2-08-61 6-27-62
Do..... 41.6 - 46.1*  ......... do......... 7-29-61  12-03-62
Do..... 46.1 - 50.8% ......... do...ovunn 5-16-62 6-27-63
Do..... 50.8 - 55.7%  ........ do......... 8-22-62 2-04-64
Do..... 55.7 - 60.5% ..., do..e.eonnn. 2-19-63 9-18-64
Do..... 60.5 - 65.5% L ........ do...vnnnn. 7-01-64 11-18-65
Do..... 65.5 - 69.9* ... ..., do......... 8-18-64  10-10-66
North Fork 0.0 - 10.9 Dredging and clearing 7-12-65 1-16-67
South Fork 0.0 - 52 ... do.eevaat 9-09-65 10-10-67
Do...... L do...ouunn. Oct. 68 2-07-69
Do...... 19.0 - 25.0 Snagging and clearing 1978 1979
Forked Deer River basin
South Fork 0.0 - 4.4% Channel enlargement 7-26-68 7-02-69
Do...... above 4.4% Snagging and clearing 1973 -
Hatchie River basin
Main Stem 130 - 190 Channel snagging 1945 1952

* Redefined river mile designation for modified channel
*% (hannel enlargement refers to straightening, dredging, and clearing



FACTORS AFFECTING CHANNEL STABILITY

Stream channels tend to be among the most actively changing of all
geomorphic forms. An alluvial river channel, for example, is continually
changing its position and shape as a response to varying hydrologic conditions
and to hydraulic forces acting on its bed and banks. These changes may be
slow or rapid and may result from natural environmental conditions or from
man's activities.

All rivers are governed by the same forces, yet it is the relative sig-
nificance of each of these variables that makes each channel unique. Aware-
ness of the following interrelated factors and characteristics is essential to
understanding these forces: (1) geologic factors, including structure,
resistance to erosion, and soil characteristics; (2) hydrologic factors,
including flow variance, runoff characteristics, sediment load, and the hydro-
logic effects of changes in land use; (3) geometric characteristics of the
stream channel, and (4) hydraulic characteristics such as depths, slopes,
channel roughness, and velocity distributions of streams.

According to the concept of channel equilibrium (Mackin, 1948), modifi-
cations made to a river channel will cause channel adjustments for some dis-
tance upstream and downstream depending on the magnitude of the change.
Equilibrium implies an ability to adjust (respond) to changes in controlling
variables (listed above) as well as a stability in form and profile. Stabil-
ity is a trait of equilibrium and is distinguished from aggradation and degra-
dation (the progressive raising or lowering of the channel bed). Scour and
fill may occur within a channel as short-lived changes around a mean condition
in response to varying hydrologic conditions, but the instability of gradation
(aggradation or degradation) refers to changes over periods longer than a few
years.

Two important questions related to equilibrium are:
1. What are the conditions in which an alluvial channel will be in
equilibrium?

2. If an alluvial channel exhibits instability, how will it regain its
equilibrium condition?

A channel is in equilibrium if it exhibits minimum rate of energy dissi-
pation (loss) under the existing climatic, hydrologic, hydraulic, geologic,
and man-made constraints (Yang, 1976). If for some reason the alluvial chan-
nel deviates from its minimum rate of energy dissipation, it will accordingly
adjust its velocity, slope, roughness, geometry, and pattern of channel shift-
ing so that energy dissipation can again be minimized (Yang and Song, 1979).

Lane (1955) describes the general relationship of the stream power con-
cept, which can be related to minimum rate of energy dissipation, in the
following expression:

@ =Qgdsp, (1)
where:
Q = water discharge,
S = channel slope or energy gradient,
Qs = sediment discharge, and
dgp = median particle size of bed material.

4



The discharge component (Q) can be expressed in a form of the continuity
equation for streamflow which is:

Q= VA, (2)
where
Q = water discharge, in cubic feet per second,
V = mean stream velocity, in feet per second, and
A = cross-sectional area, in square feet.

By assuming that streamflow is uniformly distributed throughout the cross sec-
tion and that cross-sectional area (A) is unchanging, QS can be divided by the
product of the water-surface width and the depth of water covering a unit bed
area yielding VS (stream power). This implies that an increase in V and/or S
will result in a proportionate increase in Qg or dgg. Furthermore, if the
water in a stream at a given elevation represents the potential energy input
to the stream at that point, and if potential energy decreases downstream due
to the loss of elevation, then the expression VS represents the total rate of
energy dissipation at a given cross-section.

Energy dissipation is caused by friction from roughness along the wetted
perimeter (2 x depth + width) of the channel, by friction between flow 1ines
within the current, and by transportation of sediment and debris. Rubey
(1933) estimates that roughly 97 percent of the total energy losses within a
stream can be accounted for by friction. Consequently, energy utilized for
transportation is very small in comparison to that dissipated by friction. If
total energy (VS) is constant, then relatively slight changes in channel
characteristics which affect frictional losses cause very significant changes
in transporting power and consequently, channel morphology (Mackin, 1948).
Change inflicted on an alluvial channel by man may very well involve tampering
with both the wetted perimeter (place of energy dissipation) and the stream
gradient (stream power function) such that a long period of instability can be
anticipated.

CHANNELIZATION

Stream channels are altered by snagging, clearing, dredging, widening, or
straightening in connection with flood plain drainage problems or bridge con-
struction. Generally a straightened channel shortens the flow line, thereby
increasing gradient and flow capability within the channel. An increase in
gradient leads to an increase in velocity and consequently more water can flow
through the same cross-sectional area. Because gradient is directly propor-
tional to the square of velocity, and discharge is directly proportional to
and a function of velocity (eq. 2), then by equation (1) an increase in
gradient (S) by channelization will lead to large changes in sediment dis-
charge. The processes involved will be erosion locally and upstream of the
change with subsequent deposition downstream. If significant lengths of the
river are channelized (shortened, deepened, widened), there can be a notice-
able decrease in the elevation of the water surface profile for a given dis-
charge in the main channel. Tributaries emptying into the main channel in
such reaches are significantly affected. A lower local bed level in the main
channel for a given discharge means that the tributaries entering in that
vicinity are subjected to a steepened gradient and thus an increase of stream
power at that point. This in turn leads to headward erosion (degradation) in
the tributaries.



An example of headward erosion in a tributary is Mud Creek, a tributary
to the South Fork Obion River at river mile 2.0 in eastern Obion (ounty (plate
1). Llongitudinal bed profiles of Mud Creek from 1965-81 (obtained from Soil
(onservation Service, Dresden, Tenn.) are shown in figure 1 and indicate pro-
gressive upstream degradation resulting from dredging in the South Fork Obion
River. In some cases, sufficient degradation and lateral erosion can be
induced to cause bridge failures on the tributary systems. As degradation
occurs in the tributaries, bank instabilities are induced and the sediment
loads are greatly increased (Culbertson and others, 1967).

With few exceptions, sites with gradation problems occur along most
streams in the western one-third of Tennessee, an area of easily erodible soil
and alluvium, and of generally high sediment yields (U.S. Department of Agri-
culture, 1980). Such streams are more likely to change course or shape than
streams flowing in bedrock channels or channels with very large bed material
which are characteristic of the eastern two-thirds of the State. Gradation,
as used in this text, refers to the consistent vertical movement of the chan-
nel bed which takes place over long distances, establishing a trend, up or
down, for more than several years at a time. Vertical movement of the channel
bed within a reach after a single flow event will be either scour or fill,
depending upon the direction of movement, and represents adjustments around
some mean equilibrium condition (steady-state).

Gradation problems at river crossings require an intensive study of the
river system as a whole. This is especially true in alluvial stream channels
where a change at one point is propagated in different ways upstream and down-
stream. Alluvial channels also move 1laterally as well as vertically in
response to changing environmental and man-made stresses. Rivers must be
treated as dynamic systems because streambeds are in various states of equili-
brium with the flowing water.

ANALYSES OF CHANNEL ADJUSTMENTS
METHOD OF STUDY

Site Inspection

Data were collected at 95 bridge crossings where channel problems were
believed to exist (plate 1 and table 2). At each site, cross-sectional
changes and stream-channel gradation were documented and photographs were
taken. At sites where bridge failures occurred, or where visible hydraulic
and morphologic changes were occurring, additional data were collected, such
as longitudinal stream-bed profiles, discharge and velocity distributions,
channel geometry, and observations of flow patterns.

Streamflow Records

For selected streams, records from U.S. Army Corps of Engineers (USCE)
and U.S. Geological Survey (USGS) stream gages were used to plot low-pool
elevations and specific-gage elevations against time for each station (table
3). These plots provide records of gradation trends and gradation rates of
the selected stream beds.
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Table 3.--Gaging stations used in analyses

River mile of station

before and after

channel modification Period
Natural Finished Type of of
River and station channel channel data Agencyl record
Obion:
Menglewood 20.8 229.0 Daily stage USCE 1960 to present.
Bogota 36.7  242.0 Continuous stage USCE 1939 to present.
and discharge.
Obion 62.4 60.7  ------- do------- USGS 1929 to present.
Rives 71.4 66.5 = ------- do------- USCE 1939 to present.
North Fork Obion:
Rives -- 5.9 Daily stage USCE 1939-70
Union City -- 10.0 Continuous stage  USGS 1929-70
and discharge.
Martin -- 18.0  ------- do------- USCE 1939 to present.
Palmersville -- 34.9 ------ -do------- USCE 1969 to present.
South Fork Obion:
Kenton -- 5.8 Daily stage USCE 1939 to present.
and measured
discharge.
Greenfield -- 19.2 Continuous stage  USGS 1929 to present.
and discharge.
McKenzie -- 34.4  --m---- do------- USCE 1969 to present.
South Fork Forked Deer:
Yellow Bluff 5.7 3.3 Daily stage USCE 1939 to present.
Halls 10.6 7.9 Continuous stage  USCE 1939 to present.
and discharge.
Gates 19.0 16.3  ------- do------- USCE 1969 to present.
Hatchie:
Bolivar 135.1 -~ Continuous stage  USGS 1929 to present.
and discharge.
Pocahontas 178.0 == memeeea do------- USCE 1940 to present.
Walnut 185.0 N do------- USCE 1946 to present.

1 USCE, U.S. Army Corps of Engineers; USGS, U.S. Geological Survey.

2 Mouth of Obion River and river mile designation redefined by U.S. Army Corps of

Engineers.
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Low pool

"low pool" in this report refers to the lowest water-surface elevation
(gage-height) that was recorded at the gaging station during a selected water
year (October 1 to September 30). The low-pool elevations do not represent a
constant flow duration, frequency, or discharge. The low-pool elevation is
climatically dependent and may vary annually. Low-pool elevations are used in
this report to identify gradation trends and should not be used to determine
gradation rates, or quantitative changes in channel-bed elevations.

Specific gage

"“Specific gage" in this report refers to the water-surface elevation
(gage-height) at which a selected discharge [for example, 1,000 ft3/s]
occurs. Specific gage was derived from stage-discharge relat10nsh1ps (rating
curves) for all continuous stage and discharge stations on the Obion, Forked
Deer, and Hatchie Rivers. Blench (1969) and Gessler (1971) concluded that
specific gage at a single gaging station is not an accurate analytical tool
because (1) changes in channel geometry may affect the water-surface elevation
and (2) stage gives no indication about development of channel slope. However,
for this study specific gage is considered acceptably accurate provided there
are at least two gaging stations per channel reach and the lengths of the
records are at least 10 years. This study uses specific gage to identify
quantitative changes in channel geometry and to compute water-surface slope in
a channel reach between two gaging stations.

To obtain an acceptably accurate specific-gage record, the rating curve
must be defined through a large range of discharges. To use specific gage to
identify quantitative changes in channel geometry, a gaging station network of
sufficient density and length of record is necessary. In the case of the
Obion, Forked Deer and Hatchie Rivers, 17 gaging stations were used; record
lengths range from 12 years (1969-81) to 52 years (1929-81). Analyses of
records for those stations identified short- and long-term trends for changes
in channel-bed elevations and water-surface slopes.

The following criteria was used for selecting specific-gage elevations;
(1) a high intermediate discharge was selected that occurs frequently during
periods of steady streamflow (normally occurring between August and October),
(2) the selected discharge water-surface elevation (specific gage) was lower
than bankfull stage (the water-surface elevation attained by the stream when
flowing at capacity and the stage above which banks are overflowed) and higher
than baseflow stage (the water-surface elevation attained by the stream when
the discharge entering the channel is from ground water or other delayed
sources), (3) once a specific-gage elevation is selected for a particular
channel cross section, it is used for all the gaging stations on that channel.

Specific-gage data were transferred from the continuous-record stations
to the daily-stage-only statlons using the following procedure. To estimate
the specific gage at 1,000 ft3/s at a daily-stage-only station downstream
from a continuous- record station, periods of steady flow at 1,000 ft3/s are
identified at the continuous-record station for each year of 1nterest The
identical periods of steady flow and corresponding stage at the downstream
station are recorded. The stage for each of these periods is assumed to be

19



the specific gage for 1,000 ft3/s at the downstream station provided there
is less than a 20 percent increase in drainage area and no major tributaries
between the stations.

Water-surface Slope

Elevations of specific gage at various points along the stream were used
to obtain values of water-surface slope. A water-surface slope was calculated
for each channel reach by dividing the difference in specific-gage elevations
by the distance between the gaging stations. The slope of the water surface
and the gradient of the channel bed are assumed to be parallel. Therefore,
water-surface slope and channel-bed gradient are used interchangeably in this
report. Local discontinuities in the water surface probably occur through a
large range of discharge; however, by using a high intermediate discharge when
obtaining specific-gage elevations, it is assumed that these local discontinu-
ities are minimized. Specific gage at a discharge rate of 500 ft3/s was
used for the Obion River and its forks, whereas 1,000 ft3/s and 2,000
ft3/s were used respectively for the South Fork Forked Deer and Hatchie
Rivers. Utilizing specific-gage elevations to define channel-bed gradient and
water-surface slope reduces the effects of site-specific fluvial processes and
yearly climatic variations.

Al though slope is one of the most difficult hydraulic variables to define
(Andrews, 1979), it provides information on a channel reach as opposed to a
specific point or cross section. Gradient or slope is a controlling variable
to river adjustment and the primary dependent variable (Mackin, 1948). This
implies that variations in other variables, such as sediment and water dis-
charge, bedload sediment size, as well as other geologic, hydrologic and geo-
metric parameters, are accounted for by changes in channel slope. In natural
alluvial channels that are not being stressed, slope is independent of time,
and a statistical relation does not exist. However, in highly stressed, sig-
nificantly altered alluvial channels, slope is statistically related to time.
The relation between slope and time is not linear, but it can be defined by
exponential or log-normal regression.

This approach is beneficial when dealing with the propagation of an
adjustment along the course of a channel. Furthermore, stream power (VS), as
described by Yang (1976), utilizes slope as a dominant variable in describing
an equilibrium condition. Analysis of the variation in water-surface slope
with time offers insight for the analysis of fluvial adjustments. For this
reason water-surface slope, and when possible, stream power (VS) were used as
measures of channel adjustments.

METHOD OF ANALYSES

Depending on available data, four types of slope analyses were undertaken
to depict channel adjustment. All analyses refer to water-surface slope, and
are a function of time relative to the completion of channel work. Four equa-
tions were derived for the various types of slope analyses.

Slope Regression

The first, and probably the most basic, is an exponential regression
between slope and time since completion of channel work which describes slope
reduction following channelization. The equation is given below.
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S = e'b(t)'a (3)

where:
S = water surface slope in channel reach in feet per foot x 10-4,
t = time in years since completion of channel work, and
a,b = regression coefticients.

Sum of Slopes

The second analysis is a measure of the gradual reduction in water-surface
slope and is temed ''sum of slopes'" (ZS). The equation is given below.

n
S =81 + Sy + ... 5, (4)
1

where:

S = water surface slope in channel reach in feet per foot x 1074,
The water-surface slopes ftor several reaches within the same channel are
summed by year, and the resultant sum of slopes is then plotted against time.
(hannel-response time (the time required for a chamnel to reach the designed
or a stable gradient) is evaluated by comparing the resultant sum of slopes
values with either the channel design gradient or a historical (adjusted)
sum-of-slopes value. A plot of sum of slopes against time using an exponential
regression shows the overall slope adjustment trend for the entire channel
rather than an individual channel reach. The equation is given below.

£S = e~blt)-a (4a)
where:
S = water surface slope in channel reach in feet per foot x 10°4 and
t = time in years since completion of channel work.

Unit Stream Power

The third analysis involves unit stream power (8) as a measure of channel
response over time. The equation for this analysis follows:

8 =\5 (5)
L
where:
V = mean velocity at predetermined specific-gage elevation in
feet per second,
S = water-surface slope between gaging stations at predetermined

specific-gage elevation in feet per foot x 10-4, and
L = length of channel reach in miles.

For any gaged site, instantaneous discharge is plotted against mean velocity
for all discharge measurements made at the site in a given year. By regression
analysis, a line of relation is determined for each year, yielding a velocity
for any selected discharge. The selected discharge 1s the same discharge used
for specific gage at the site. Unit stream power values were calculated by
dividing the product of velocity and slope by reach length. These values (6)
were plotted against time in years. Plots of © for each reach give insight
into the magnitude of the fluvial processes (erosion or deposition) within the
reach and the time required for the reach to adjust to the new hydraulic
conditions.
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Exponential Decay Function

A fourth analysis was obtained by plotting absolute values of water-
surface slope change against time since the completion of channel
alterations. See the follow1ng eﬁu3t1on

= ae (6)
where:
|AS| = absolute value of change in water-surface slope in channel
reach between two consecutive years,
t = time in years since completion of channel work, and
a,b = regression coefficients.

This analysis was used to estimate the magnitude of slope adjustment by year.
The absolute value of slope change was used to avoid computations with nega-
tive numbers in attempting to define statistically a wave function. An
idealized plot of this function with its associated equation 1is shown in
figure 2.

Each peak in the wave is a maximum absolute value of slope change between
successive years and represents the adjustment passing one of the measuring
points in the reach. In the idealized plot, the amplitude of each successive
peak decreases by an exponential decay function. The reasons are:

(1) As the transition slope moves away from the upstream end of the
altered reach, its effect upstream or downstream is proportionately
reduced;

(2) As the transition slope propagates upstream, its steepness and
amount of change decreases due to the non-cohesive nature of the
sediment; and

(3) The data indicate that following a disturbance, slope adjustment is
rapid and that this rate of change slowly tends towards a minimum.

The peaks are a measure of time of adjustment movements and reflect the
magnitude of disturbance. Therefore, the spacing of the peaks describe a
velocity function (distance over time) for phases of adjustments (aggradation
or degradation) along the channel between successive points. As shown in
figure 2, their amplitude defines the maximum rate of slope change, whereas
the wavelength measured at their bases is the number of years in which the
reach is affected by a particular adjustment. The exponential decay function
_ describes channel adjustment that may take hundreds of years under natural (no
stress) conditions, but due to man's involvment, can be seen in a period of a
few years. This decay function enables one to predict the time required for
the adjustment of slope to reach some new equilibrium profile following
channel disruption.

Alexander (1981) offers a discussion that further explains, in a physical
sense, the reason for the waves and their declining amplitudes. Alexander
states that a shock to the channel system will not only create a readjustment
among the hydraulic variables (gradient, hydraulic radius, bed shear, size and
variability of streamflow and bed 1load), but will be overcompensated for, such
that degradation and aggradation alternate in the form of an oscillatory
response. Furthermore, a shock of enough magnitude is capable of producing
several periods of entrenchment in a single reach, giving rise to sequentially
smaller oscillations as the response dwindles.

Depending on available data, examples of the four analyses are presented
in the following case-study discussions.
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CASE STUDIES

In the following six case study discussions, a history of channel
modification for specific stream reaches is given. Except for the North
Indian Creek at Erwin, Tenn., discussion, each analysis is based on long-term
streamflow records, stream-channel cross-section comparisons, and when avail-
able, chamnel-bed profiles. ‘The North Indian Creek at Erwin, Tenn., case-
study discussion (Supplement A) is presented solely to document the unusual
photo history of a man-induced knickpoint migration in a consolidated bedrock
formation.

Bridge failures occurred at (1) Nonconnah Creek (site 28, Shelby County)
in 1980, (2) Toms Creek (site 49, Perry County) in 1975, (3) Owl Creek (site
74, Hardin County) in 1977, and (4) White Oak Creek (site 92, McNairy County)
in 1977. (hannel modifications at these sites are not discussed in this report
because adequate data are not available for analysis. However, these sites are
shown in plate 1 and listed in table 2.

OBION RIVER - MENGLEWOOD TO RIVES

Prior to channelization, the Obion River in the study reach (old river
miles 20.8 to 71.4, new river miles 29.0 to 66.5) followed a sinuous course in
a flood plain ranging in width from approximately 1.0 miles at the upstream
end of the study reach to approximately 3.5 miles at the downstream end (figs.
3, 4, and 5). A 1912 channel-bed profile (Hidinger and Morgan, 1912) shows a
natural channel gradient of approximately 1.46 x 10-4 ft/ft.

To improve flood-plain drainage, local drainage districts conducted
snagging and clearing operations on approximately 170 miles of main channel
and tributaries of the Obion River system from 1938-43. Aerial photographs,
taken in August 1941, indicate that channel-top width ranged from 90 to 130
feet. Cross sections made prior to 1959 show that channel depths ranged from
12 to 19 feet.

During 1959-60 channel enlargement including straightening and dredging
was completed between old river miles 18.8 and 28.7 (new river miles 27.1 and
35.3), or to about 6 miles upstream of the Menglewood gage. From 1961-66
channel enlargement from old river mile 28.7 to old river mile 79.3 (new river
miles 35.3 to 69.8) deepened the channel from approximately 15 feet to about
25 feet, and widened the channel top width from approximately 150 feet to
approximately 220 feet. Upon completion, the total channel length had been
shortened by approximately 17.8 miles (29.4 percent). The relation between
0old and new river miles can be seen in figure 6. According to the USCE dredg-
ing plans, the overall design gradient between the Menglewood and Rives gage
was 1.29 x 10~4 ft/ft.

Plots of specific-gage and low-pool elevations against time at the Obion
and Rives gaging stations show that the upstream reaches of the Obion River
were steadily aggrading before the major channel alterations took place from
1959-66 (fig. 7). The water-surface slope, at a discharge rate of 500 ft3/s,
between Bogota and Obion (1939-59) ranged from 0.89 x 10-4 ft/ft to 1.13 x
10-4 ft/ft, and between Obion and Rives (1939-59) from 2.30 x 10-4 ft/ft
to 4.10 x 10-4 ft/ft.
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